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Despite the advances in our understanding of transcriptome, regulation and function of its 
non-coding components continue to be poorly understood. Here we searched for natural 
antisense transcript for sensorin (NAT-SRN), a neuropeptide expressed in the presynaptic 
sensory neurons of gill-withdrawal reflex of the marine snail Aplysia californica. Sensorin 
(SRN) has a key role in learning and long-term memory storage in Aplysia. We have 
now identified NAT-SRN in the central nervous system (CNS) and have confirmed its 
expression by northern blotting and fluorescent RNA in situ hybridization. Quantitative 
analysis of NAT-SRN in micro-dissected cell bodies and processes of sensory neurons 
suggest that NAT-SRN is present in the distal neuronal processes along with sense 
transcripts. Importantly, aging is associated with reduction in levels of NAT-SRN in sensory 
neuron processes. Furthermore, we find that forskolin, an activator of CREB signaling, 
differentially alters the distribution of SRN and NAT-SRN. These studies reveal novel 
insights into physiological regulation of natural antisense RNAs. 
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INTRODUCTION 

Recent high-throughput transcriptome studies have revealed 
widespread and extensive overlaps between genes and transcripts 
encoded on both strands of the genomic sequence. This over- 
lapping gene organization, which produces sense-antisense tran- 
script pairs, is capable of affecting regulatory cascades through 
established mechanisms. Natural antisense transcripts (NATs) are 
transcribed from the opposite strand to a protein coding or sense 
strand in the chromatin. Recent studies have provided ample 
evidence that more than 70% of the mammalian genome have 
antisense transcription potential. 

Antisense transcription has been recognized for roles in gene 
regulation involving degradation of the corresponding sense 
transcripts (RNA interference), as well as gene silencing at the 
chromatin level (Faghihi and Wahlestedt, 2009; Pelechano and 
Steinmetz, 2013). Gene expression profiling studies show fre- 
quent concordant regulation of sense-antisense transcript pairs 
though there is clear evidence of discordant regulation, leading 
to significant physiological outcomes such as neurodegenerative 
diseases (Kadakkuzha et al., 2013). It has been shown that exper- 
imental modulation of an antisense transcript RNA can change 
the expression of sense transcript, supporting the role of anti- 
sense transcription to control of transcriptional outputs in higher 
animals (Katayama et al, 2005; Modarresi et al., 2011). 

Despite efforts to unravel the specific role(s) of wide spread 
antisense transcription in recent years, the functional significance 
of NATs and their physiological regulation remains poorly under- 
stood. However, the significant presence of NATs in the central 
nervous system suggests their potential role in brain function. 



The role of NATs in establishing memory formation has been sug- 
gested in Lymnaea where axonal transport of NAT, described as 
antiNOS-2 RNA, is regulated by classical conditioning. AntiNOS- 
2 RNA negatively regulates the neurotransmitter nitric oxide 
(NO), a key transcript that plays an important role in the early 
stages of learning and memory formation (Korneev et al., 2013). 
It is not clear whether classical conditioning will lead to a net 
enhancement of antiNOS2 expression in the cell body and pro- 
cesses of CGC neuron or a selective increase in expression in the 
periphery. 

To investigate physiological mechanisms that regulate expres- 
sion and subcellular distribution of NATs, we have explored the 
expression of a NAT transcribed against the mRNA encoding the 
peptide neurotransmitter sensorin and its physiological regula- 
tion in the sensory neurons (SN) of the marine moUusk Aplysia 
californica. For more than 50 years Aplysia has provided funda- 
mental insights into the basic organization of neuronal functions. 
Aplysia's nervous system has large neurons, many of them can 
be uniquely identified and are associated with specific behaviors. 
These neurons can be isolated and cultured in vitro and they form 
circuits, which can be investigated at the molecular and cellular 
detail. 

The cell-specific neuropeptide, sensorin (SRN), is expressed 
exclusively in SNs and transported to distal neurites (Brunet et al., 
1991). However, the distribution of sensorin transcripts in the 
SN cell bodies change when it is co-cultured with a motor neu- 
ron (Hu et al., 2002, 2003). It has been shown that formation 
and stabilization of sensory neuron (SN) -motor neuron (MN) 
synapses are regulated upon the release of sensorin peptide from 
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SNs (Hu et al, 2004). In vitro, SNs uniquely make synapses with 
their in vivo target motor neurons but not with their non-target 
motor neurons, providing an excellent model system to specif- 
ically study the effects of specific mRNAs in synapse formation 
and stabilization (Kandel, 2001). 

Figure ID depicts the schematic diagram showing our strat- 
egy to study NAT-SRN in sensory neurons. Our analysis of gene 
expression using qPCR, northern blotting and single neuron 
quantitative PGR (qPCR) and fluorescent in situ hybridization 
(FISH) analyses have confirmed the expression of sense (SRN) 
and antisense RNAs (NAT-SRN) of neuropeptide sensorin in 
SNs of Aplysia gill withdrawal reflex. We then examined whether 
expression of NAT-SRN transcripts is regulated in SNs during 
aging and in response to forskolin, an activator of CREB (Seternes 
et al., 1999). We find that the expression levels and sub-cellular 
distribution of NAT-SRN are differentially altered during aging 
and neuronal activity. 

MATERIALS AND METHODS 
ETHICS STATEMENT 

The Institutional Biosafety Committee of The Scripps Research 
Institute (TSRI) has approved all of the experimental protocols 
(IBC Protocol 2010-019R1) described in this manuscript. Ethical 
approvals are not required for the research using invertebrate 
animals, such as the marine snail Aplysia. 

ANIMALS, ISOLATION APLYSIA NEURONS, AND CULTURE 

Aplysia californica maintained under standard conditions (tem- 
perature, salinity, pH, food) at the National Aplysia Resource 
Facility (University of Miami Rosenstiel School of Medicine, 
Florida, USA) were used in the experiment. In our study, we used 
animals that correspond to two age groups (2 and 9 months old). 
Upon arrival in the laboratory, animals were kept in an aquar- 
ium at 16°C, under 12:12 light-dark conditions and was used for 
experiments within 2-3 days of arrival. Isolation of sensory neu- 
rons and culture were done as described earlier (Montarolo et al., 
1986). Micro-dissection of cell body and processes were carried 
out as described earlier (Moccia et al., 2003; Moroz et al., 2006). 

NORTHERN BLOT 

A 415-bp DNA fragment corresponding to exons 1 and 2 of 
sensorin mRNA was cloned into TOPO Vector with dual pro- 
moters T7 and SP6 (Invitrogen, Cat. Number K4600-01) and 
then in vitro transcribed to prepare DIG labeled sense and anti- 
sense riboprobes using the DIG RNA Labeling Kit (SP6/T7) 
(Roche Diagnostics). The molecular sizes of riboprobes were con- 
firmed by gel electrophoresis. Electrophoresis and transfer of the 
RNA was performed using DIG Northern Starter Kit (Roche 
Applied Science) and followed manufacturer's protocols. Briefly, 
5 and 10 |xg of total RNA from Aplysia was run on 1% agarose 
gel, transferred to a positive nitrocellulose membrane following 
hybridization with strand-specific riboprobes at 68°C overnight 
with ExpressHyb. 

RNA EXTRACTION AND REVERSE TRANSCRIPTION 

Total RNA was extracted from the Aplysia CNS using the stan- 
dard RNA Trizol extraction method and dissolved in nuclease-free 



water. For the preparation of RNA from SNs, cell body and 
neurites were separated by manual micro-dissection followed by 
RNA extraction using Trizol. RNAs were amplified once using 
MessageAmp™ II aRNA Amplification Kit following manufac- 
turer's instructions. For the CNS samples 1 |xg of the total RNA, 
and for the cell body and neurites, 500 ng of RNAs were used for 
reverse transcription using qScript cDNA synthesis mix. 

QUANTITATIVE REAL-TIME PCR 

Primer pairs for SRN, NAT-SRN, and ApKHCl and ApKLG2 
were designed using the Primer3 program (http://bioinfo.ut.ee/ 
primer3-0.4.0/) based on cDNA and genome sequences listed 
in UCSC genome browser database (http://genome.ucsc.edu/) 
(Figure lA). While designing, primers steps are taken to avoid 
the amplification of multiple targets. Antisense primers were 
designed based on the exon boundaries of sense transcript to 
avoid potential amplification of the sense transcripts in the anti- 
sense detection samples. 2 [lI of the cDNA synthesized was used 
for qPCR following the protocol described earlier (Kadakkuzha 
et al, 2013; Akhmedov et al., 2014). Briefly, lOjxl reactions con- 
tained 2 [il of cDNA, 8 |xl of a qPGR master mix containing 
2 (xl of H2O, 5[il of 2X SYBR Green master mix, and 1.0 |xl 
of 10 |iM (each) forward and reverse primer. The reaction was 
carried out in a 7900HT Fast Real-Time PCR System (Applied 
Biosystems Carlsbad, CA) under the following conditions: 95° C 
for lOmin, followed by 40 cycles of 95°C for 15 s, 60°C for 
1 min. Five biological replicates and four technical replicates for 
each biological replicate were used in the qPCR. Quantification 
of the target transcripts was normalized to the AplysialSS refer- 
ence gene using the PfaffI method (Pfaffl, 2001). Data are shown 
as mean ± s.e.m. Statistical analysis was performed using Prism 
(GraphPad Software). Student's f-test or ANOVA followed by 
Bonferroni's test were used as appropriate where *P-value < 0.05, 
**P-value < 0.01, ***P-value < 0.001. 

PREPARATION OF DIG LABELED RIBO PROBES 

DIG labeled sense and antisense ribo probes for in situ hybridiza- 
tion probes were prepared by in vitro transcription of cDNA 
templates by using SP6 or T7 RNA polymerase. 415 nt long coding 
region of sensorin was prepared by PCR using Aplysia abdominal 
ganglion cDNA as a template and sensorin specific PCR primers 
and ligated to pCRII-TOPO Vector with dual promoters T7 and 
SP6 (Invitrogen, Cat. Number K4600-01). The Vector with the 
sensorin DNA was linearized with EcoR V (New England Biolab) 
for transcription using SP6 RNA polymerase to generate anti- 
sense probes and the corresponding sense probes were produced 
by linearizing with BamH I (New England Biolab) and transcrib- 
ing with T7 RNA polymerase. A small aliquot (2 |xl) was run on 
1.5% agarose gel to confirm the integrity of RNA probes. 

FLUORESCENT IN SITU HYBRIDIZATION (FISH) AND IMAGING 
ANALYSIS 

DIG labeled RNA probes were prepared and in situ hybridiza- 
tion analysis of sensory neurons were carried out as described in 
(Puthanveettil et al., 2013). Images were acquired using a Zeiss 
LSM 780 confocal microscope system with 10X/63X objective; 
only projection images are shown. Mean fluorescence intensities 
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FIGURE 1 I Identification of natural antisense transcripts of and NAT-SRN in RNA samples from Aplysia CNS. Primers that can 

neuropeptide sensorin. Arrows indicate the direction of transcription. (A) amplify antisense direction of kinesin heavy chain, kinesin light chain and 

The psci gene (EST X56770) coding for sensorin mRNA has four exons the primers to amplify intronic region of sensorin were used as negative 

spanning ~40KB on the scaffold 926 of Aplysia. AS1-4 represents the controls. (D) Schematic diagram showing our strategy to study NAT-SRN 

locations of qPCR amplicons that are used to detect AS transcript. (B) in sensory neurons (E) qPCR analysis of SRN and NAT-SRN in the cell 

Northern blot detection of SRN and NAT-SRN from the total RNA of body and neurites of sensory neurons. Data was normalized to 18s rRNA 

Aplysia CNS using strand specific ribo-probes. (C) qPCR analysis of SRN levels. Error bars are SEM. 



were measured using NIH IMAGE J and normalized intensities 
were calculated using the following equation: 

Normalized intensity = Mean FISH intensity (SRN or NAT- 
SRN) — Mean background signal. 

Distributions of ^-tubulin protein in both cell body and neuri- 
tis were measured to identify any non-specific changes in protein 
expression associated with aging or forskolin treatment. 

RESULTS 

DETECTION OF SENSORIN SENSE AND ANTISENSE TRANSCRIPTS IN 
APLYSIA CNS 

Existence of sensorin antisense transcript (NAT-SRN) was previ- 
ously suspected while performing in situ hybridization analysis 
of expression of sensorin in sensory neurons using fluorescently 
labeled sense (S) and antisense (AS) riboprobes (unpublished 
data). Sensorin mRNA (SRN) is transcribed from pscl gene on 



the reverse strand of scaffold 926 of Aplysia genome (available 
through UCSC genome browser), spanning 40 KB long region 
and contains four exons (Figure lA). In order to further char- 
acterize the sense (S) and the NAT at the pscl locus, we searched 
for the presence of the NATs by northern blot, qPCR and in situ 
hybridization. Using DIG labeled ribo probes to detect SRN and 
NAT-SRN, we first analyzed total RNAs from the central ner- 
vous system (CNS) by northern hybridization analysis. Figure IB 
show hybridization signals for SRN and NAT-SRN correspond- 
ing to ~700 nucleotides suggesting that NAT-SRN transcripts are 
expressed in the CNS. 

Using specific primers (Supplementary Table 1) that detect 
SRN and NAT-SRN cDNA, we then confirmed the presence of 
SRN and NAT-SRN by qPCR. Primers designed to amplify the 
intronic regions of the SRN gene were used as negative controls 
and to make sure that the products were not generated from 
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FIGURE 2 I Aging associated changes in expression of NAT-SRN in tlie 
cell body of Aplysia sensory neurons. (A) Confocal projection images of 
sensorin RNA (Green) co-stained with p-tubulin protein (Red), DIG and 
merged images are shown. A no antibody (Ab) control was used as 
non-specific hybridization control. Scale bar, 20 |im; (B,C) are the 
percentage changes of SRN and NAT-SRN distribution in the cell body of 
DIV4-cultured sensory neurons from young (3 months old) and old (9 
months old) groups of Aplysia using fluorescently labeled sense and 
antisense ribo probes, respectively. RNA in situ hybridization analysis of (D) 
is the normalized intensity of p-tubulin protein distribution in young and old 
neurites. Normalized mean fluorescence intensities measured using NIH 
ImageJ are shown in bar graphs. Error bars are SEM. Student's t-test was 
used to determine statistical significance. "*" is p < 0.05. 



genomic DNA. From multiple primers that we used we selected 
AS2 (Figure lA) for further qPCR detection of NAT-SRN. 
Primers to detect putative NAT of Aplysia kinesin heavy chain 
(KHCl) and KLC2 (Supplementary Table 1) were used as addi- 
tional controls in qPCRs (Figure IC). Data was normalized to 
18S rRNA levels. qPCR results showed that SRN was expressed at 
~30% higher levels when compared to NAT-SRN levels in CNS 
(p = 0.0235, ANOVA, Figure IC). 

NAT-SRN IS EXPRESSED IN PROCESSES OF SENSORY NEURONS 

Previous studies have shown that release of sensorin from the SN 
is required for both synapse formation and long-term facilitation 
(LTF) of SN to MN connections. Localization of sensorin is mod- 
ulated by the formation of synapses between SN and its target 
motor neurons (Lyles et al., 2006). We examined the distribution 
of both SRN and NAT-SRN isolated sensory neurons by qPCR. 
Analysis of RNAs isolated from micro dissected cell bodies and 
processes (Figure IC) showed that both SRN and NAT-SRN tran- 
scripts are present in the neurites however, their levels in the cell 
bodies are much higher than that of neurites [~2-fold decrease in 
expression of SRN and NAT-SRN transcripts in the neurites com- 
pared to cell body, Figure IE, Student's f-test; p = 0.043 (SRN), 
p = 0.027 (NAT-SRN)]. As a control we examined expression of 
Aplysia KHCl transcripts in SN neurites. Specific primers for 
KHCl were unable to detect expression of antisense or sense 
transcripts in SN neurites. 

EXPRESSION OF NAT-SRN CHANGE DURING AGING 

We next examined whether expression of NAT-SRN is physio- 
logically regulated. We first studied whether aging is associated 
with a change in the distribution of NAT-SRN and looked at the 
distribution of SRN and NAT-SRN in sensory neurons cultured 
from 3 to 9 month old Aplysia. From FISH analysis it is evi- 
dent that both SRN and NAT-SRN are present in the cell body 
of SNs from young and old animals (Figure 2A). The level of 
SRN transcript did not change notably in the cell bodies of neu- 
rons from young and old animals (Figure 2B, N = 4, Students' 
f-test, p = 0.8854) indicating that SRN transcript level in the 
cell body is not affected by aging. However, we observed a sig- 
nificant increase in the distribution of NAT-SRN in the cell 
body of SNs from old animals (Figure 2C, % increase: 25 ± 
8, N = 4, Students' t-test, p = 0.0362). As an endogenous con- 
trol we used the expression of ^-tubulin and found that the 
P-tubulin protein levels in cell bodies of young and old neurons 
did not change significantly (N = 4, Students' f-test, p = 0.7504) 
(Figure 2D). 

We next analyzed the distribution of NAT-SRN in the processes 
of SNs cultured from young and old animals by FISH analysis 
and found moderate levels of SRN and NAT-SRN in the neurites 
of young and old animals (Figure 3A). Comparison of the mean 
intensities of FISH signals from young and old SRN and NAT- 
SRN after background signal subtraction suggested no change in 
the distribution of SRN transcript in the neurites of SNs from the 
young and old animals; an observation similar to what we found 
in the cell bodies described earlier (Figure 3B, N = 4, Students' t- 
test, p = 0.0864). Also, we did not observe any significant change 
in the level of NAT-SRN in the neurites of SNs from old animals 
when compared to young animals (Figure 3C, N = 4, Students' 



f-test, p = 0.9403). The endogenous control P-tubulin protein 
levels in processes of young and old neurons did not change 
significantly {N = 4, Students' f-test, p = 0.7701) (Figure 3D). 
These results suggest that the expression and localization of 
NAT-SRN transcripts are regulated during aging. 

FORSKOLIN EXPOSURE ENHANCE TRANSCRIPTION OF NAT-SRN IN 
BOTH CELL BODIES AND NEURITES 

We next studied whether NAT-SRN levels could be regulated 
by forskolin, an activator of cAMP-CREB signaling. SN 
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FIGURE 3 I Aging associated clianges in expression of NAT-SRN in tlie 
neurites of Aplysia sensory neurons. (A) Confocal projection images of 
sensorin RNA (Green) co-stained witli p-tubulin protein (Red), DIG and 
merged. (B,C) are the percentage changes of SRN and NAT-SRN 
distribution in the neurites of DIV4-cultured sensory neurons, respectively. 
(D) is the normalized intensity of p-tubulin protein distribution in young and 
old neurites. Image analyses were performed as described in Figure 2. 



cultures (4 DIV) were treated with 50 |xM forskolin for 30 min 
(Puthanveettil et al., 2008) and fixed for FISH analysis 
(Figure 4A). Vehicle treated SNs were used as controls. Analysis 
of mean fluorescence intensities of expression of SRN and NAT- 
SRN suggest that forskolin treatment induced 25% increase 
in the expression level of SRN in the cell body (Figure 4B) 
but no change in NAT-SRN level (Student's f-test; p = 0.0007). 
Interestingly, there was no change in the level of SRN in the neu- 
rites of SNs treated with forskolin within 30 min of treatment but 
the NAT-SRN level was increased by 50% after forskolin treat- 
ment in the neurites (Figures 4D,E; Student's t-test; p = 0.001). 
P-tubulin protein levels in the cell body (Figure 4C) and pro- 
cesses (Figure 4F) of control and forskolin treated neurons did 
not change significantly (N = 4, Students' t-test, p = 0.7225 and 
0.6712, respectively). 



DISCUSSION 

Advances in sequencing methodologies have led to sequencing of 
several genomes and transcriptomes shedding light on the non- 
coding component of the genome. These large-scale sequencing 
studies have resulted in cataloging of thousands of non-coding 
RNAs in a variety of organisms (Katayama et al., 2005; Li et al., 
2013). We have now begun to understand the functional rel- 
evance of transcription of non-coding RNAs and physiological 
mechanisms that regulate transcription of non-coding RNAs. 
Non-coding RNAs include miRNAs, piRNAs, tRNAs, rRNAs, 
snRNAs, large non-coding RNAs, and natural antisense RNAs. 
NAT are intriguing because these RNAs have transcripts com- 
plementary to other RNA transcripts. Several regulatory roles for 
NATs have been suggested including RNA interference, genomic 
imprinting, and alternate splicing (Zhang et al., 2007; Faghihi and 
Wahlestedt, 2009; Werner, 2013; Wight and Werner, 2013). 

Recent studies have demonstrated that NATs could downreg- 
ulate expression of its complementary transcripts. For example, 
in the rice plant, NATs regulate expression of a protein impor- 
tant for phosphate homeostasis (Jabnoune et al., 2013). Similarly 
NAT of interleukin (IL) 1 beta) (Lu et al., 2013), iNOS (inducible 
nitric oxide synthase) (Yoshigai et al., 2013), and ubiquitin c- 
terminal hydrolase (uch) (Carrieri et al., 2012), Huntington's 
disease (Chung et al, 2011) suppress expression of their com- 
plementary transcripts. Importantly, inhibition of expression of 
NATs has resulted in upregulation of gene specific transcription 
(Modarresi et al., 2012). Recently, (Velmeshev et al, 2013) showed 
that 40% of loci previously implicated in autism spectrum dis- 
orders express NATs. These NATs are expressed in specific brain 
regions. 

We are only beginning to understand the physiological pro- 
cesses and mechanisms that regulate expression of NATs. In 
plants, drought alters expression of NATs (Lembke et al, 2012). 
Similarly during beta amyloid induced apoptosis, NAT of Radl8 
gene become upregulated (Parenti et al, 2007). Also, during cor- 
ticogenesis in mouse brain the expression of NAT of Nrgn and 
CamK2nl are regulated (Ling et al, 2011). Additionally, it has 
been shown that sense-antisense transcript pairs are present in 
synaptoneurosomes (Smalheiser et al, 2008). 

Despite these elegant studies, we still do not know whether and 
how NATs are regulated in specific neural circuitries. To address 
this we used well-characterized neural circuitry in Aplysia, the 
sensory-motor neurons of giU withdrawal reflex (Kandel, 2001) 
and studied potential NAT of neuropeptide sensorin (NAT-SRN) 
in sensory neurons. Neuropeptide sensorin is expressed in presy- 
naptic sensory neurons and is important for LTF of sensory to 
motor neuron synapses (Brunetetal., 1991;Schacheretal., 1999). 
Sensorin RNA is transported to synapses (Schacher et al., 1999; 
Moccia et al., 2003) and translated in response to repeated 5-HT 
stimulation (Wang et al., 2009). To search for putative NAT-SRN, 
we first analyzed Aplysia genome and designed primers to pre- 
pare sense and antisense probes for northern analysis. We find 
that NAT-SRN is expressed in Aplysia CNS and that it probably 
has a similar molecular weight as compared to complementary 
sense transcript. We next confirmed the expression of NAT-SRN 
by qPCR analysis of CNS and micro-dissected cell body and 
processes of individual SNs. Having confirmed the expression 
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FIGURE 4 I Forskolin exposure enhances expression of NAT-SRN in 
Aplysia sensory neurons. Sensory neurons of mature Aplysia were cultured 
in vitro and were treated with forskolin (50 \iM, 30 min) on DIV 4. (A) 
Confocal projection images of FISH analysis of sensorin RNA (SRN) (Green) 
and (D) that of AS-sensorin RNA (NAT-SRN) (Green) co-stained with p-tubulin 
protein (Red), as well as DIG images are shown. A no antibody control was 
used as non-specific hybridization control. Scale bar, lOyim. (B,E) show the 



change in expression levels of SRN and NAT-SRN in forskolin treated neurons 
when compared with vehicle treated control neurons in cell body and 
neuritis, respectively. (C,F) are the normalized intensity of p-tubulin protein 
levels in control and forskolin treated cell body and neuritis, respectively. 
Normalized mean fluorescence intensities measured using NIH ImageJ are 
shown in bar graphs. Error bars are SEM. Student's f-test was used to 
determine statistical significance. "*" is p < 0.05, "**" is p < 0.01. 



of NAT-SRN in SNs, we then asked two questions: (a) whether 
NAT-SRN is physiologically regulated and (b) whether NAT- 
SRN expression could be regulated by cellular activities that elicit 
specific signaling pathways leading to memory storage. 

To understand physiological regulation of NAT-SRN, we first 
determined whether its expression changes during aging and 
whether aging causes changes in subcellular distribution of NAT- 
SRN. Importantly, aging associated changes in specific NATs are 



poorly understood. We studied two age groups, young and old 
Aplysia. Our FISH analyses suggest that the amount of NAT- 
SRN increases in cell body of old neurons when compared to 
corresponding sense transcripts. However, the NAT-SRN level 
is decreased in neurites of sensory neurons cultured from old 
animals. 

To determine whether specific cellular activities might regu- 
late expression of NAT-SRN, we measured changes in expression 
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of NAT-SRN in response to forskolin, an activator of cAMP- 
PKA-CREB pathway important for long-term memory storage 
(Kandel, 2001). Recently (Korneev et al, 2013) have shown that 
classical conditioning of Lymnaea changes in the expression of 
NAT of nitric oxide synthase. Consistent with the idea that NATs 
could be physiologically regulated, we find that immediately after 
forskolin treatment, there is an increase in SRN transcripts in the 
cell body. However, forskolin did not cause an increase in the 
expression of NAT-SRN in the cell body. Interestingly we find that 
forskolin exposure resulted in a significant increase in NAT-SRN 
transcripts in the neurites. 

The differential subcellular localization of sense and NAT- 
SRN during aging and in response to forskolin treatment suggest 
that there might be specific mechanisms that mediate differen- 
tial expression and transport of SRN and NAT-SRN transcripts. 
We consider three possible mechanisms: (a) regulation of tran- 
scription of NAT-SRN or (b) degradation of NAT-SRN in specific 
compartments, or (c) changes in axonal transport of NAT-SRN 
to neurites. It has been shown that expression of NATs could be 
regulated by epigenetic mechanisms (Conley and Jordan, 2012). 
We find that exposure to forskolin cause a rapid increase in sense 
transcripts in cell body and increase in NAT-SRN in neurites. 
Our observation that forskolin did not cause upregulation of 
NAT-SRN in the cell body suggests the possibility that transcrip- 
tion of NAT-SRN is not regulated by CREB. We have previously 
shown that (Puthanveettil et al., 2008) forskolin treatment cause 
a rapid increase in kinesin mRNA levels, the molecular motor 
that mediates axonal transport, in sensory neurons. However, it is 
yet to be determined whether NAT-SRN is transported by kinesin 
and whether increase in NAT-ARN in SN neurites correlate with 
enhanced expression of kinesin mRNAs. 

In summary, we have identified expression of natural antisense 
RNA of sensorin, an important neuropeptide involved in mem- 
ory storage. We find that its subcellular localization in sensory 
neurons is differentially regulated during aging and in response 
to activation of cAMP-PKA-CREB pathway. We now provide evi- 
dence that NATs could be differentially regulated in different 
sub-ceUular compartments. Further studies are required to delin- 
eate mechanisms and understand physiological implications of 
such regulation. 
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